Abstract: Coral reef fisheries resources in the Pacific Islands, Southeast Asia and Okinawa have decreased recently. Coral reef and mangrove eco-system supporting the resources is also in the threat. The fisheries resources, in essence, need proper management because the resources are renewable and considered common property. Typical conditions for tropic fisheries management are many species, many remote islands, few researchers, many subsistence fisheries, and a strong sense of community. Under these conditions the management regimes that have evolved in Western developed countries have seldom worked properly. Instead, considering efficient compliance and enforcement, the resources should be managed through partnership between the government and the communities (co-management). The resources may be managed more efficiently by a retrospective approach than a pre-emptive approach. Among management tools (e.g. seasonal closure, size limit, gear restriction, catch quota, license, etc.), Marine Protected Area (MPA) seems most effective. In Samoa and Okinawa, co-management of nearshore resources has been implemented with fisheries extension programs in analogous ways. Both cases have seemed successful to date. In the past, the Philippines was infamous for destructive fisheries, but now many successful cases of co-management have appeared with the help of NGOs and international research organizations.
INTRODUCTION
The alleviation of poverty was one of the most important themes in the Environment and Development Summit held in Johannesburg in August 2002. Majority of the poor in the Asia and Pacific region live in coastal areas, and depend on marine and coastal resources for food, employment and income (Adeel et al 2002) . In most of the tropic and sub-tropic areas, however, coastal fisheries resources have been decreasing due to over harvesting, and coral reef and mangrove ecosystem supporting the resources is also in the threat. Accordingly, to commence effective management of the fisheries resources and the eco-system is an urgent task. On the other hand, fisheries management is important for conserving coral reefs because over-fishing sometimes leads to two types of vicious cycle. First decrease of fish stocks -decrease of catch rate for normal fishing methods -use of explosives or cyanide -collapse of coral reef ecosystem -decrease of fish stocks. Second over-fishing of the fish that eat algae or sea urchins -increase of those organismsdecrease of competing coral reefs -increase of algae and sea urchins. Management regimes that have evolved in Western developed countries, or top-down management methods, have seldom worked properly in the tropics. Instead, considering efficient compliance and enforcement, the resources should be managed mainly by the concerning local communities or with partnership between the government and the communities (co-management: Pomeroy & Williams 1994).
1 State of coral reef fishery resources in tropic and subtropic regions Fisheries statistics from the Okinawa Development Agency show catches of bottom fish have decreased drastically since 1982, while in Fish Aggregating Device fisheries and diamondback squid (Thysanoteuthis rhombus) fisheries, the production has increased (Fig. 1) . Sedentary species production, such as shellfish and sea urchin, has also decreased (Fig. 2) .
In the Pacific Islands bottom fish and sedentary species such as groupers, snappers, black pearl oyster, giant clams, trochus and beche-demer (sea-cucumbers) have been reportedly overharvested. However, it is difficult to confirm this in statistics even in Fiji that has the most sophisticated fisheries statistics in the South Pacific countries.
In the Philippines destructive fishing practices using blast or cyanide had prevailed in the past. Also in some areas, bottom trawl fisheries have damaged the fisheries stocks and the habitats (Flores & Marte 1996) . Some statistics show the decreasing tendency of municipal fisheries (smallscale fisheries using fishing boats less than three gross ton). In the Pacific Islands recent population increase, one of the causes of the stock decrease, was 2.5-3.5% annually (United Nations 1997), while in the Philippines the annual increasing rate was 2% from 1995 to 2000 (unpublished data from the Philippine government). High demand for fish gave impetus to the over-fishing. The demand overwhelmed the local production and the Pacific islanders had to import canned fish (more than a half amount of the local production~ Tanaka, personal communication). The introduction of under water torches and SCUBA dramatically increased fishing efficiency, and destruction of nursery areas by human activities resulted in decrease of the fisheries resources (King & Fa'asili 1997) . The use of explosives and chemicals such as cyanide for live reef fish (Johannes & Riepen 1995) affected severely to the nearshore ecosystem. Soil erosion and resulting sedimentation in the coastal area is also serious threat to coastal ecosystem. Especially in Okinawa reddish soil runoff has been one of the worst environmental problems and caused severe damage to not only coral reef fisheries and aquaculture but also tourism, the leading industry in Okinawa. All these factors have affected the decrease of the coral reef fisheries resources in the concerned regions.
The fisheries resources, in essence, need proper management because 1) the resources are renewable resources; 2) the resources are considered some sorts of common property. Unlike fossil resources renewable resources can be used in a sustainable manner under the proper management, and the growth rates of the fishery resources are usually very fast. While fish in the wild are considered to belong to the society, it is each individual fisher that utilizes these resources. He or she may strive for as much fish as possible from the resources even though there must be an optimum harvest level for the society as a whole. As a result, it sometimes goes to the undesirable situation, the over-fishing. In the open access fisheries, 60% reduction of effort (e.g. number of fishing boats) would most benefit the fisheries (McManus 1996) .
2 Conditions for tropic and sub-tropic coral reef fisheries management Typical conditions for coral reef fisheries management in the South Pacific are: many species, many remote islands, few researchers, many subsistence fisheries, and a strong sense of community (Kakuma 2000). 1) Much more species than temperate regions In the temperate countries, Japan for example, top ten species together cover 40% of the total production value in 1996. In contrast to this, 200-300 species are usually harvested in the typical tropic islands (Munro 1996) . In Okinawa, combined production value of the species of which individual percentages are less than 3% accounts for 70% of the total production in 1997 (from Okinawa Fisheries Experimental Station Statistics). The fisheries management in the temperate waters is basically manipulated for target single species. The more the species, the harder the tasks for the management. 2) Many small islands and remote areas "Regulations are almost useless if they cannot be enforced" (Adams 1996). Enforcement or policing is difficult in tropic countries that have a lot of remote areas and islands.
3) Fewer researchers
Most of the tropic, developing countries have fewer scientific researchers who deal with the fisheries management. 4) Large percentage of small scale, subsistence fisheries The tropic fisheries can be divided into "commercial", "artisanal" (small-scale) and "subsistence" fisheries . The subsistence fisheries production in the South Pacific covers 80% of the total production (Dalzell et al 1996) . The subsistence fisheries are rarely monitored for statistics, and it makes the management difficult. 5) Stronger sense of community In the South Pacific countries people traditionally have strong sense of community and more often than not have managed the local resources by community-based manners (Ruddle 1994 (Ruddle , 1996 Johannes et al 1993) . These manners are different from the Western government-based management manners.
In the Philippines and Okinawa the five tropic conditions for coral reef fisheries management are almost the same as the South Pacific, although commercial fisheries production in the Philippines and recreational fisheries production in Okinawa are relatively larger respectively.
3 Co-management and retrospective approach Sociological approaches are recently required for the nearshore resource management adding to traditional biological and economic approaches. Probably we should more consider the people's side of the management since it is the people, not the fish, who practice the management.
The nearshore resources might be managed more effectively with co-management than centralized management in the tropics. The merits of the co-management are that it is: easy to get compliance from the fishermen, effective and cheaper in enforcement, flexible, and able to incorporate the fishermen's knowledge with participatory practices. Sometimes the fishermen know better than the researchers about when and where the target species spawn. The demerits are that the restrictions decided by the local community do not have firm legal bases, and the restrictions are not effective for the species that migrate beyond the community's management range. By-law system, which is introduced in Samoa to enhance the community-based restrictions, could alleviate the former demerit (Fa'asili & Kelekolo 1999) . For the latter demerit, all concerned local communities and governments should collaborate in the management regimes for the migrating species.
There is another contrast in management approaches between "pre-emptive" and "retrospec tive". "Pre-emptive management requires detailed knowledge of the target organisms and fishing community. By contrast, retrospective management is a form of adaptive management in which rules are developed on the basis of experience of their effects on stocks" (Adams 1996). Although both extremes would not be suitable, the retrospective approach seems better for the management in the tropics. Because, all the five conditions for the tropic fisheries suggest that we need to select the "retrospective" management.
The retrospective management needs to be considered that 1) As the information for the management might not be enough, there is a risk in the result of the management. The approach should be precautious (FAO 1996) ; 2) The results, especially the results from the fisheries, should feed back to the measures so that they would be modified effectively, and the management plans should be designed to incorporate the feedback (Adams 1996); 3) The management plans should be flexible to be modified efficiently. In Okinawa, management of an emperor fish (Lethrinus atkinsoni) is the pre-emptive management. Length, otolith, age, growth, mortality, catch statistics of the fish were intensively studied, and after assessing the stock, the government suggested the management measures. It took long time for just one species whereas we have at least eight economically important species of emperor fish. The number is more than fifty if we count all the important nearshore species. It could take tens of years to finish all the researches for the species, and the stocks may not be sustained by that time. The management of the newly found giant squid stock (T rhombus, Kawasaki & Kakuma 1998) and comanagement in Onna village (Kakuma & Higa 1995) are kinds of retrospective management, because in both cases experience and information from the management have been adopted and the management system was amended many times.
Marine Protected Area (MPA)
Among management tools (seasonal closure, size limit, gear restriction, catch quota, license, etc.) MPA seems most effective in the tropics (Munro 1996 King & Fa'asili 1999 Bohnsack 1996) . MPA is useful because it could be started retrospectively without intensive biological researches (but with fishermen's knowledge about spawning behavior); it also could benefit for the preservation of coral, sea-grass or mangrove areas; and it works for multiple fish species. MPA is still more useful if concerned local communities are involved in designing stage, i.e. from the beginning (Crosby et al 2000) . This participatory approach benefits on community awareness and capacity building for the management.
The idea of "source and sink" should be clearly organized. The larvae, juveniles or adults of the target species could spread out, or spill out, of the MPAs (sources) and settle down to outside the MPAs, i.e. fishing grounds (sinks). The size, number and distance of the MPAs would be derived from the idea.
To date, Okinawa has two legal fish reserves, Nagura Bay and Kabira Bay in Ishigaki Island. They were designated by the Minister of Agriculture, Forestry and Fishery and would need a lot of procedures to modify the restrictions. These, the complicated procedures, are not appropriate for community-owned small-scale MPAs. The rules should be flexible to modify the location, size or number of the MPAs. Pollnac et al (2001) studied 45 community-based MPAs in the Visayas, Philippines. They found that factors influencing the success are: population size of the community, a perceived crisis in terms of reduced fish population, successful alternative income projects, high levels of participation in community decision making, continuing advice from the implementing organization and inputs from local government.
5 Case studies
Okinawa
In Okinawa, the Onna village fisheries cooperative has practiced sedentary resource management since a fisheries extension program was introduced there in 1988. The target species were trochus, giant clams, turban shell, strawberry conch, sea urchin, spiny lobsters and damselfish. Among them, a giant clam (Tridacna crocea) is most important and the management was forwarded with restocking hatchery-produced juveniles to enhance the reduced stock. The Okinawa prefectural government provided the juvenile giant clams and dispatched extension officers to instruct the restocking techniques using airpowered drills and protecting net pieces for predators (Kakuma & Higa 1995) . These kinds of so called "sea farming projects" are useful for stock enhancement, and also for public awareness about resource conservation. In the management, MPAs for sedentary species were established (Fig.  3) . Some rules in the prefectural regulation were strengthened with community restrictions (e.g. a 6 cm size limit of trochus shell diameter in the prefectural regulation was enlarged to 8 cm). Since these restrictions are community-based management tools, and inevitably flexible, the management plans have been amended four times in a retrospective manner. The communitybased rules have been followed well and the management has been successful so far except for the sea urchin species. One of the reasons of the success is that the fishermen in Onna made the greater part of their income from a seaweed Cladosiphon okamuranus aquaculture, so that they could have patience to initial harvest reduction of the sedentary species.
Samoa
In Samoa, 44 fishing villages implemented coastal resources management including protection of critical habitats such as mangroves under a community-based fisheries extension program (King & Fa'asili 1997) . A large number (38) of them chose to establish small village fish reserves in their traditional fishing areas.
The process is quite similar to that of Onna, especially the extensive involvement by the communities to the management was observed in both cases. Figure. 4 shows the extension processes in Samoa and in Onna. The governments mainly provided scientific information and rarely forced the fishermen to restrict the harvest.
In the Samoan case 1) introducing mediumsized low-cost boats to diverse the fishing pres- sure to outer reef areas 2) promoting villagelevel aquaculture; and 3) re-introducing depleted species, were the measures for alternative income and sea food for the communities. They first initiated trainings of extension officers, and the extension officers played important roles in leading the many meetings. They motivated, not educated, the communities. The prospects for continuing compliance and commitment to the management by the village people appear high (King & Fa'asili 1999), and we expect the leading effect to other fishing villages in the South Pacific (King 2000).
Philippines
In the Philippines, destructive fishing practices (blast, cyanide and trawl fisheries) had prevailed in the past, now many successful cases of co-management have appeared with the help of NGOs and international research organizations (Pomeroy & Carlos 1997). The co-management cases cover not only fisheries resources but also ecosystem such as coral reefs and mangroves; and sometimes include tourism promotion featuring "Integrated Coastal Resource Management."
Co-management at Banate Bay in Panay Island (Fig. 5, 6 ) is characterized by that four local government units have cooperated to manage coastal resources in the bay and they have sustained the activities without major out-source funding. The activities are: institutional development; mangrove conservation; livelihood development; law enforcement; and research & data banking. The co-management is significant in community organizing, management and envi- 
